We use Spitzer Space Telescope 24 µm data to search for debris disks among 122 AFGKM stars from the ∼ 670 Myr clusters Hyades, Coma Ber, and Praesepe, utilizing a number of advances in data reduction and determining the intrinsic colors of main sequence stars. For our sample, the 1σ dispersion about the main sequence V-K S , K S - [24] locus is approximately 3.1%. We identify seven debris disks at 10% or more (≥ 3σ confidence level) above the expected K S -[24] for purely photospheric emission. The incidence of excesses of 10% or greater in our sample at this age is 5.7 +3.1 −1.7 %. Combining with results from the literature, the rate is 7.8 +4.2 −2.1 % for earlytype (B9 -F4) stars and 2.7 +3.3 −1.7 % for solar-like (F5 -K9) stars. Our primary sample has strict criteria for inclusion to allow comparison with other work; when we relax these criteria, three additional debris disks are detected. They are all around stars of solar-like type and hence reinforce our conclusion that disks around such stars are still relatively common at 670 Myr and are similar to the rate around early-type stars. The apparently small difference in decay rates between early-type and solar-like stars is inconsistent with the first order theoretical predictions that the later type stellar disks would decay an order of magnitude more quickly than the earlier type ones.
Debris disks were first observed in the infrared with the Infrared Astronomical Satellite (IRAS) (Aumann et al. 1984 ; see also Rhee et al. 2007 ). Many subsequent debris disk observations were made with the Infrared Space Observatory (ISO) (e.g., Decin et al. 2000; Spangler et al. 2001; Habing et al. 2001; Decin et al. 2003) . The Multiband Imaging Photometer for Spitzer (MIPS: Rieke et al. 2004 ) on board the Spitzer Space Telescope provided another significant increase in sensitivity, observing a large number of debris disks at 24 and 70 µm. Herschel is currently extending our understanding of large samples of debris disks to longer infrared and submillimeter wavelengths.
The evolution of the 24 µm emission of debris disks is particularly interesting because this wavelength traces inner zones of these systems that may reveal processes near the ice line (Morales et al. 2011 ) and because the dynamical timescale for these zones is shorter than for those probed at longer wavelengths, so the evolution should proceed relatively rapidly. Previous surveys have verified that the 24 µm emission of debris disks decays significantly over time. About 50% of early-type stars younger than 30 Myr have debris disks detected at 24 µm (Rieke et al. 2005 and Su et al. 2006) . However, at 100 to 115 Myr the detection rate has dropped to about 35% (see below). Gáspár et al. (2009) find the Praesepe cluster at ∼ 750 Myr to have an excess rate of only ∼ 2%. Surveys of stars older than ∼ 1 Gyr report an excess rate of ∼4% or less (Meyer et al. 2008 , Trilling et al. 2008 , Koerner et al. 2010 .
A better understanding of the decay process will help build a picture of the evolution of planetary systems. Toward this goal, we examine MIPS data at 24 µm for three stellar clusters with ages ∼670 Myr: Hyades (∼ 650 Myr; Perryman et al. 1998 , De Gennaro et al. 2009 ), Coma Ber (∼ 600 Myr; Collier et al. 2009 ), and Praesepe (∼ 750 Myr; Gáspár et al. 2009 ). We improve on previous studies by combining results for three separate clusters of similar ages. This study also improves over similar work on field stars because the ages of our sample are much better constrained. Combining three clusters provides a high fidelity measurement over a large range of spectral types from early K for the closest cluster (Hyades) to A-types with reasonable statistics for the richest but most distant (Praesepe).
We discuss in Section 2 how we selected our sample for this study, reduced the data, excluded stars with large errors or bad measurements, and placed our retained targets on a V − K S versus K S − [24] color-color diagram (Gorlova et al. 2006) . We improve on previous results by utilizing a new locus for the photospheres of main sequence stars. In Section 3 we determine which stars have excess emission at 24 µm and compare our work with that of others. Section 4 discusses the excess rate at 670 Myr as a function of spectral type. We also compare these results to previously published excess rates and discuss the decay rate of 24 µm excesses. Our conclusions are in Section 5.
Observations and Data Reduction

Sample Selection and Data Reduction
We searched the Spitzer archive for observations of stars in published membership lists for the Hyades, Coma Ber, and Praesepe. Our initial samples included 78 stars from the Hyades (Paulson et al. 2004) , 84 from Coma Ber (Abad et al. 1999) , and 193 from Praesepe (Gáspár et al. 2009 ). Some of the stars have accompanying 70 µm observations; here we only report the 24 µm results, some of which have been published previously (Rieke et al. 2005; Su et al. 2006; Cieza et al. 2008; Carpenter et al. 2008; Gáspár et al. 2009 ).
For consistency, we re-processed all the data as part of a Spitzer legacy catalog , using the MIPS instrument team Data Analysis Tool (Gordon et al. 2005) for basic reduction. In addition, a second flat field constructed from the 24 µm data itself was applied to all the 24 µm results to remove scattered-light gradients and dark latency (e.g., Engelbracht et al. 2007 ). The processed data were then combined using the World Coordinate System (WCS) information to produce final mosaics with pixels half the size of the physical pixel scale. The majority of the stars in the Praesepe cluster were observed in scan-map mode as presented in Gáspár et al. (2009) . We used the same data reduction as in that paper, but did the photometry differently as described below.
We extracted the photometry using PSF fitting. The input PSFs were constructed using observed calibration stars and smoothed STinyTim model PSFs, and have been tested to ensure the photometry results are consistent with the MIPS calibration (Engelbracht et al. 2007 ). Aperture photometry was also performed, but the results were only used as a reference to screen targets that might have contamination from nearby sources or background nebulosity.
The random photometry errors were estimated based on the pixel-to-pixel variation within a 2 ′ ×2 ′ box centered on the source position. The final photometry errors also included the errors from the detector repeatability ( 1% at 24 µm, Engelbracht et al. 2007 ). The measured flux densities, 24 µm magnitudes ([24] , using 7.17 Jy as the zero magnitude flux; Rieke et al. 2008) , and associated errors are listed in Table 1 .
Culling the Sample
We further trimmed the sample based on the criteria described below to ensure our analysis only includes measurements of uniform quality. Because of Spitzer's exceptional pointing accuracy (<1 ′′ ), we considered a source only where the PSF fitting position falls within 1. ′′ 5 of the member position (from the membership catalogs). Sources that failed this positional test are noted as "6" in Table 1 . We then eliminated by visual inspection of the 24 µm images all stars with a nearby source (within 6 ′′ ) of the target star (noted as "1" in Table 1 ). We excluded all stars that are classified as giants (luminosity class III) (noted as "7" in Table 1 ). We also excluded all stars that could not be detected by eye, implying a signal to noise ratio <3 (noted as "3" in Table 1 ); this step guarded against false detections in regions where the background had residual structure. Finally, we excluded all measurements with a FWHM either much greater or less than the nominal FWHM of the MIPS beam of ∼ 5.
′′ 5 (noted as "2" in Table 1 ), which is an indication of confusion with a second object.
In our analysis we rely on K S magnitudes from 2MASS (Cutri et al. 2003) . For stars in the Hipparcos catalog (Perryman et al. 1997) , we adopted the listed Johnson V photometry. For stars that are not in Hipparcos but are in Praesepe we adopted the V magnitudes gathered by Gáspár et al. (2009) ; we collected additional V magnitudes from the Simbad database. A total of 8 stars have no available V magnitudes, noted as "5" in Table 1 ; these stars are not included in our analysis.
Finally, we removed stars with large errors in K S − [24] . (The errors from V − K S are not used to remove stars from our sample since the errors in the V magnitudes are generally small and any stars with large errors in K S will be eliminated because of the errors in K S − [24].) We took the K S errors (e K S ) from 2MASS. For the MIPS photometry, we combined two types of error. The first, e 24,pp , is based on the pixel-to-pixel variation near the source and represents the random photometric error. The second arises from the overall repeatability of the MIPS 24 µm measurement at ∼ 1% of the source fluxes (Engelbracht et al. 2007 ). The final error (e 24 ) in the 24 µm flux (f 24 ) is thus e 24 = e 2 24,pp + (0.01 * f 24 ) 2 .
We combine the 24 µm errors with the K S errors to find the total (RMS) error on K S − [24]. Only stars with e K S −[24] < 0.05 were retained (exclusion note "4" in Table 1 ). Our final sample contains 122 stars: 61 from Hyades, 25 from Coma Ber, and 36 from Praesepe. We present all 355 stars in Table 1 , where we indicate the 122 stars included and the reason the remaining were excluded from analysis. Figure 1 shows the V − K S vs. K S − [24] color-color plot for the whole sample, and the final sample retained in our analysis. Gorlova et al. (2006) introduced such a diagram to determine the photospheric locus for main sequence stars in the Pleaides cluster. They identified stars with infrared excesses as those with K S − [24] positive by more than 3σ relative to the photospheric locus. Here we apply the same general technique. We have used a sample of ∼ 1300 stars from the Spitzer archive to derive the locus of main sequence stars in
Main Sequence Definition and Scatter
space. We define x = V − K S − 0.8. For x≤0, we find the following empirical fits:
whereas for x > 0, we find: 
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At the juncture where V − K S =0 the equations agree so either of them applies. The RMS scatter around these fits (determined by fitting gaussians to the distribution so the result is not biased by stars with excesses) is 0.038 magnitudes.
Small color shifts in our clusters are possible due to effects such as metallicity differences or low levels of reddening (e.g., the probable reddening of Praesepe proposed by Taylor et al. (2006) translates to ∼ 0.01 mag at K S ). We allowed the colors for each cluster to shift horizontally (in the K S −[24] direction) to find the overall best fit to the ensemble of stars, with different shifts allowed for x≤0 and x>0. We found the horizontal offset for each cluster by minimizing the calculated χ 2 , defined as:
We did not want to skew the χ 2 values with the redder K and M stars; therefore, we chose an upper bound of V − K S =2.5 for the χ 2 minimization. We included only a range between −0.1 and 0.1 in K S − [24] (i.e., 3 σ in our fit) so that possible excess stars did not contaminate our results. Table 2 gives shifted values for each of the clusters. We found a systematic offset of about 0.02 between the blue and red segments of the fit, which probably indicates a residual problem in our determination of the main sequence locus. The scatter improves to 0.031 mag after implementing these shifts (Figure 2 ).
Results
Identification of stars with excess emission
We first identified excess candidates by requiring that the difference between the observed K S − [24] and the predicted K S − [24] is 0.1 mag. There are nine stars that meet this criterion. To ensure the excess is significant, we also compute χ 24 , defined as
A significant excess requires χ 24 ≥ 3 (Su et al. 2006 , Trilling et al. 2008 . One of the nine stars, 2MASS J08385506+1911539, from the Praesepe cluster failed this test (χ 24 =2.7); we eliminated it from the list of confirmed excesses. We therefore find that eight out of our sample of 122 stars have excesses at 24 µm greater than 10% of their photospheric emission and at a minimum 3σ confidence level ( Figure 3 and Table 3 ). Five of these eight stars have previously been identified as having 24 µm excesses: HD 28226 and HD 28355 (Su et al. 2006 , Cieza et al. 2008 ); 2MASS J08411840+1915394 (Gáspár et al. 2009); and HD 285690 and HD 286789 (Stauffer et al. 2010) . The three stars with newly discovered excesses are HD 108382, HIP 21179, and 2MASS J08411840+1915394. Of these eight stars, five are from Hyades, two are from Praesepe, and one is from Coma Ber.
Comparison of results from the three clusters
To first order, we have assumed that the data for all three clusters are homogeneous. This assumption can be tested by considering them individually. In addition to our overall σ = 0.031 we also calculate σ for each individual cluster, applying a gaussian fit to the data in each cluster separately. We exclude stars that are > +3σ from the photospheric locus using the original σ value and obtain a new σ value for each cluster. Given the small number of sources in the individual clusters, the differences in the scatter around the main sequence locus (see Figure 3) are not very significant. Nonetheless, we tested if the individual values would change any of our results. For Hyades we find σ = 0.027; however, adopting this value does not allow us to identify any new excess sources. For Coma Ber we find σ = 0.036; which is larger than the original value. However, the only source from Coma Ber with excess still remains beyond this new 3 σ threshold. Finally, for Praesepe we find σ = 0.032, which is similar to the overall average for the three clusters. We suspect that the differences in σ are due to small number statistics, but in any case they do not affect our conclusions.
Possible False Detections
A general possibility for false detections is confusion with background infrared-emitting galaxies. For this situation, we have adapted the analysis of Gáspár et al. (2009) , adjusting for our smaller matching radius (1.
′′ 5 vs. 3. ′′ 6). Because faint and distant galaxies are uniformly distributed over the sky, the analysis should apply to all three clusters. We find that there is a 10% probability of a single chance coincidence in our entire sample, and a 5% probability of two coincidences. We therefore make no corrections for such matches. Plavchan et al. (2009) discuss the possibility that an M dwarf spectroscopic binary companion to a K dwarf may produce 10% "excess" (superphotospheric) flux at 24 µm. This would produce an artificial excess (false positive) source in our color-color space. There is only one known binary K star in our sample that shows an excess: HIP 21179 (Bender & Simon 2008 ). This star is considered to be a secure member of the Hyades (Perryman et al. 1998 ) with a relatively high X-ray luminosity (Stern et al. 1995) . The masses of the components are 0.79 ± 0.08 M ⊙ and 0.58 ± 0.15 M ⊙ (Bender & Simon 2008) . It is variable (V1147 Tau) with an amplitude in the visible of ∼ 0.17 mag (Watson et al. 2011) . The HIP 21179 excess is 6σ and 19% higher than the photospheric prediction, but given this list of issues we do not consider the presence of a debris disk to be secure and we discard it from our sample of disks.
The second late-type star with an apparent excess is HD 285690. It is also a secure Hyades member (Perryman et al. 1998 ), but has no evidence for binarity and is of low X-ray luminosity (Stern et al. 1995) . Although it is variable (V985 Tau), the amplitude is only 0.02 mag (Watson et al. 2011) , not at a level that significantly undermines the identification of the 24 µm excess. This star is therefore likely to be a genuine debris disk detection. The third such star, HD 286789, is also a secure Hyades member with low X-ray luminosity. It shows variability of 0.06 magnitudes in the visible (Watson et al. 2011 ), but given the general reduction in variability amplitude for late dwarf stars in the infrared (e.g., Koen et al. 2005) , the excess is reasonably secure. Since the χ 2 value for the excess of HD 286789 is only slightly above 3, we combined the 2MASS H and K measurements (the error on J is large) to compute an equivalent K of 7.792 ± 0.022, and a new χ 2 of 3.7. Both of these stars are sufficiently bright at 24 µm that the probability of chance coincidences with background galaxies that might create false excesses is small: ∼ 1% for one or more such coincidences in our entire sample (scaling from Gáspár et al. 2009 ). We therefore retain both stars in our sample.
Comparison to Previous Work
Our work is the first analysis of the Spitzer MIPS data for Coma Ber; however, the observations of the Hyades have been analyzed previously by Cieza et al. (2008) and Stauffer et al. (2010) , while a paper on Praesepe has been published by Gáspár et al. (2009) . In the Hyades, Cieza et al. (2008) found only a single star with a significant excess, HD 28355; this star is also found to have an excess by Su et al. (2006) and in our work. The identification of five additional stars with excesses by Stauffer et al. (2010) and by us results directly from the smaller RMS scatter in the data reduction and our more accurate extrapolation of the photospheric emission to 24 µm. Stauffer et al. (2010) found an excess for one case not in our sample, the F8V star, HD 26784. We agree that it has a nominal excess of ∼ 0.09 mag (K S = 5.862, [24] = 5.782, shift of -0.014), near the threshold for detection, but it fell below our uniform threshold for an excess of 0.1 mag. The largest term in the uncertainty for this star is the 2MASS K magnitude. We have augmented it by using standard JHK colors (Tokunaga 2000 , Carpenter et al. 2008 , with the correction described in Rieke et al. 2008 ) appropriate for its V-K color (=1.26) to compute equivalent K magnitudes from 2MASS J and H, assuming an additional uncertainty of 0.01 for J-K and 0.005 for H-K. A weighted average of the three measures yields K = 5.862 ± 0.012, and confirms that an excess is detected for this star at a statistically significant level. Gáspár et al. (2009) identified four stars with probable excesses in Praesepe; three of them (numbers 77, 134, and 181) do not pass the signal to noise threshold for inclusion in our sample. The remaining star, number 143 = 2MASSJ08411840+1915394, is also found to have an excess in our study, while our measurement of number 134 = 2MASS08410961+1951186 verifies its excess, even if its error in K S − [24] was too large to include it in our sample. The remaining two sources, numbers 77 = 2MASS08395998+1934405 and 181 = 2MASS08424021+1907590, do not pass our criteria for firmly-established excesses because our noise estimation is significantly more conservative (larger noise) than that used by Gáspár et al. (2009) .
Secondary sample
The case of HD 26784 suggests that there may be other plausible excesses below our overall threshold of K S -[24] > 0.1 and [24] error ≤ 0.05. In fact, a search relaxing the requirements on size of excess and K S -[24] error yields Melotte 111 AV573 = 2MASS12133585+2910216 from Coma Ber as having evidence for a debris disk.
We divide the detected excesses into two samples. The primary one is defined by our initial criteria (excess at > 3 σ significance and > 0.1 magnitudes), and can be compared directly with previous studies identifying excesses by similar criteria. The secondary sample consists of HD 26784 (F8V), Melotte 111 AV573 (∼ K0), and 2MASS08410961+1951186 (∼ G4 from its V-K color).
Discussion
From our study, the overall rate of 24-µm excesses > 10% of the photospheric level at 670 Myr is 5.7 +3.1 −1.7 % (7/122 sources). The errors (here and in the following) are calculated using a binomial distribution for small number statistics. Our result is higher than the excess rate for Praesepe of 2.1 +4.1 −2.1 % (4/193 sources) found by Gáspár et al. (2009) , but the difference can be largely explained by the smaller threshold for identifying an excess in our study (0.1 magnitudes instead of 0.15); in any case, the two values agree within the errors.
We now compare the evolution as a function of stellar type. A first-order estimate of the time scale for debris disk evolution is given by Wyatt (2008), equation (16) . To apply this result, we assume an average luminosity ratio of 8 between our early-type (B9 -F4) and solar-like (F5 -K9) samples, and a mass ratio of 1.7. The thermal equilibrium distance from the fiducial stars is then different by a factor of 2.8. We assume that typical planetesimal disk masses scale with the mass of the star (Natta et al. 2000) . We find that the time scale is dominated by the strong radial dependence in equation (16), which indicates that the decay around the early-type stars should be an order of magnitude slower than around the solar-like ones.
Our sample is ideally suited to determine the excess rate for stars near the mass of the sun and with well-constrained ages near 670 Myr. We used spectral types from SIMBAD and placed stars without a given spectral type from SIMBAD in bins according to their V − K S colors using Table  3 in Koornneef (1983) . We find that the excess rate for F5-K9 type stars is 2.7 +3.3 −1.7 % (2/75 stars), in agreement with the value of 1.9 ± 1.2 % from Gáspár et al. (2009) . However, the secondary sample includes three well-detected debris disks around stars in the same spectral range, so this value may be a modest underestimate. We can compare it with that obtained by Sierchio et al. (2010) , who measured the excess rate for stars in the same spectral range in the 115 Myr Pleiades cluster and the similar-age Blanco 1 association using the same reduction method and excess threshold of 10%. They report an excess rate of 31.5 +5.2 −4.5 % at 24 µm (28/89). We can add to their sample observations in the α Per cluster (Carpenter et al. 2009 ) at an age of 85 Myr, for a total of 29.4 +4.9 The incidence of debris disks at ∼ 100 Myr shows no difference between the two ranges of spectral type. At ∼ 670 Myr, the later spectral types show a lower incidence, but the two values still agree at the 1.5 σ level. Moreover, the detection of three later-type stars in the secondary sample (of which HD 26784 only barely misses the primary sample) suggests that a significant number of such stars retain debris disks at this age. This conclusion has been reached previously (e.g., Trilling et al. (2008) However, all previous such works have depended in part or entirely on samples of field stars. Given the uncertainties in age estimates for these stars, combined with the rapid decline in the incidence of excesses (from ∼ 30% at 100 Myr to ∼ 3 % at 670 Myr), age errors that place a small number of young stars among the older part of a sample could yield the observed number of excesses. Our work removes this source of uncertainty by basing the result entirely on observations of cluster members with well-determined ages. Thus, the data appear to contradict the first-order theoretical time scale difference for disk decay as a function of stellar type.
Conclusion
We used 24 µm Spitzer observations of stars in three clusters (Hyades, Coma Ber, and Praesepe) to measure the incidence of debris disks at ∼ 670 Myr and over a broad range of spectral types. The combination of three clusters at the same age gives a better representation of the excess behavior because we can use the closest cluster (Hyades) to detect excesses around low mass stars, while having access to significant numbers of higher mass stars in the more distant cluster (Praesepe). We compared the V-K S , K S -[24] of the cluster members with the color locus of 1300 field stars. The dispersion around this locus is 10% (3σ), which we adopt as the threshold for identification of an excess.
We find an overall excess rate of 5.7 +3.1 −1.7 % for stars at ∼ 670 Myr. This value shows substantial decay from the rates of 29.4 +4.9 −4.1 % for F5 -K9 stars and 35.7 +4.3 −3.8 % for B9 -F4 stars at ∼ 100 Myr. However, the decay appears to be similar within the errors between these ranges of spectral types. This result is contrary to first-order estimates, which would indicate an order-of-magnitude slower decay for the early type stars than the solar-like ones.
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